INTRODUCTION
The earliest account of thyroidectomy is probably that given by Roger Frugardi of Salerno in 11701. Thyroidectomy remained a rarely performed procedure, William Halsted2 finding accounts of only eight operations in which the scalpel had been used on the thyroid between 1596 and 1800, and of only 69 more cases between 1800 and 1848. The morbidity and mortality, usually from uncontrolled bleeding and sepsis, were prohibitive but advances in general anaesthesia, antisepsis and haemostasis paved the way for surgeons at the turn of the century to make thyroidectomy a safe and acceptable operation. At the forefront of these developments was Theodor Kocher of Berne3 who performed thousands of thyroidectomies bringing the mortality down to under 1%. Today, thyroidectomy should be an extremely safe and uneventful procedure when performed by a trained endocrine surgeon.
The term 'thyroidectomy' embraces a variety of surgical procedures on the thyroid, the precise operation being tailored according to the existing pathology (Table 1) . Thyroid nodules are a common disorder occurring in 4% of the population and many of these patients, especially when the lesion is solitary or fine needle aspiration (FNA) has raised the possibility of malignancy, are treated by surgery. Unilateral total lobectomy including the isthmus and pyramidal lobe is the minimum procedure necessary to treat such disease and obtain an adequate histological diagnosis. This operation will therefore be described in detail.
TECHNIQUE OF UNILATERAL TOTAL THYROID LOBECTOMY
The pre-operative preparation should include examination of the vocal cords by indirect laryngoscopy to exclude an unsuspected pre-existing unilateral nerve palsy this being particularly important if the patient has undergone previous thyroid surgery. General anaesthesia with endotracheal intubation and muscle relaxation is employed and the patient is placed supine on an operating table tilted 150 upwards at the head end in order to reduce venous engorgement. Neck extension and access to the thyroid are facilitated by the placing of a sand bag or pillow in the interscapular region. The head must be well supported and A curved skin incision is placed 3-4 cm above the sternum extending laterally to the sternomastoid muscles. The incision is deepened through the platysma and upper and lower skin flaps are then raised by a combination of sharp and blunt dissection in the plane anterior to the anterior jugular vessels. The upper flap is freed to the level of the thyroid notch and the lower flap to the suprasternal notch. These skin flaps are held apart with two wishbone self-retaining refractors and a midline incision made through the fascia over the thyroid. It is the length of this vertical incision which determines the access to the thyroid. The strap muscles will be separated, dissected from the thyroid and retracted laterally. These muscles are not routinely divided but may be if greater exposure is required to gain safe access to a large or vascular goitre.
The thyroid lobe is dislocated and delivered forward by the insertion of the index finger between the thyroid lobe and strap muscles. The middle thyroid veins, if apparent at this stage, should be ligated and divided. Any adhesions lateral to the thyroid lobe are divided by a combination of sharp and blunt dissection, and the thyroid lobe retracted further medially usually with a gauze swab between the operator's thumb and the gland. Tissue forceps must not be placed on the thyroid when performing surgery for a solitary nodule, in case the lesion should prove to be malignant and cell spillage occur.
Full mobilization of the thyroid lobe is then achieved by ligation and division of the superior thyroid vessels at the upper pole. To gain access to these vessels it is often helpful to pass a finger upwards in the plane behind the vessels, breaking down adhesions, and then with gentle downward traction on the thyroid the vessels come clearly into view. The space medial to the superior thyroid artery is carefully opened with a pledget or artery forceps to expose the external branch of the superior laryngeal nerve (ESLN) which is usually easily identified on the inferior pharyngeal constrictor before entering the cricothyroid muscle. A nontoothed forcep is then passed under the vascular pedicle to lift the vessels forward. The branches of the superior thyroid artery and vein must be individually tied with absorbable ligatures close to the thyroid gland in order to avoid damage to the ESLN4. In approximately 20% of cases, this nerve may pass between the branches of the vessels and is, of course, in great danger if mass ligation is carried out. In a further 10% of cases, the nerve runs its distal course through the inferior pharyngeal constrictor muscle, is not visible at surgery and indeed is at no risk of damage.
The recurrent laryngeal nerve (RLN) should now be identified before further dissection of the thyroid lobe takes place. The nerve may run close to the tracheo-oesophageal groove but there is enormous variability of its position, course and relationship to key anatomical structures in the neck. If damage is to be avoided an accurate knowledge of the normal anatomy and these variations are of paramount importance. Palpation of the RLN as a cord-like structure against the trachea is frequently a useful initial guide to the nerve's location. The nerve can then be exposed by gentle dissection of the overlying fascial layers with a small artery clip. It is noted that the structure often has a small blood vessel running on its surface. Vulnerability is somewhat greater on the right than the left because of the obliquity of the nerve's course in the lower third. The nerve usually lies deep to the inferior thyroid artery but can be rendered vulnerable by anterior fixation in a fork formed by the glandular branches of this artery. Precise definition of the nerve/artery relationship is most important. A potential pitfall for the unwary exists when the recurrent laryngeal nerve passes superficial to the inferior thyroid artery, appears to pulsate, and may therefore be mistaken for a vessel and ligated.
It can be displaced from its usual position by nodules, particularly in the posterior part of the thyroid lobe, and of the thyroid into a dangerous position where it may be ligated and divided with the inferior thyroid veins. Clearly these veins must not be clipped until the nerve has been identified in its lower third. In the operation of unilateral lobectomy the small arterial branches to the thyroid must all be individually clipped and tied close to the gland staying on the thyroid capsule. The main inferior thyroid artery trunk is not ligated.
The nerve is perhaps in most danger close to its point of entry into the larynx as it passes through Berry's ligament, often adopting a curving looping course before entering the larynx. To identify the nerve in this region the suspensory fascia must be carefully divided. This manoeuvre is most safely accomplished by staying close to the thyroid and picking up superficial layers one at a time with fine haemostats, being absolutely certain that at each stage only fascia and small arterial branches are included. The nerve is soon seen at a deeper level, glistening with its fine accompanying arterial blood vessel aiding identification. The inferior cornu of the thyroid cartilage is a most dependable land mark for the point of entry of the RLN into the larynx.
In approximately 1% of cases, on the right side of the neck, the nerve is non-recurrent, arising from the vagus and passing medially close to the inferior thyroid artery before turning to ascent and enter the larynx. Ligation of the main trunk of the inferior thyroid artery in these circumstances could obviously result in permanent damage to the nerve. It is well recognized that the RLN can divide into several branches before entering the larynx and therefore clear identification of all divisions is necessary for their preservation.
The parathyroid glands must now be identified and, when they are in their most usual positions, the inferior gland can be located close to the lower pole of the thyroid anterior to the recurrent laryngeal nerve. The superior gland is usually seen just above the inferior thyroid artery, in more than 90% of cases being within a 1 cm radius of the junction of the inferior thyroid artery and the recurrent laryngeal nerve. The dissection of the thyroid should continue close to the capsule of the gland with ligation and division of the individual branches of the inferior thyroid artery, preserving those branches which supply the parathyroid glands. As emphasized in the description of the dissection of the RLN, the main inferior thyroid artery trunk is not ligated. It is possible to tease the parathyroid glands away from the thyroid with their blood supply intact, leaving them free but perfectly viable. It must be remembered that enlargement of the thyroid can carry the parathyroid glands far forward onto the antero-lateral surface of the thyroid. The parathyroid gland may then be devascularized or inadvertently excised and in these circumstances should be diced into 1 mm cubes and autotransplanted into several pockets in the sternomastoid occasionally is displaced anteriorly close to the lower pole muscle. It is important to keep diathermy usage to a minimum as heat conduction may damage the recurrent laryngeal nerve, the blood supply of the parathyroids or the delicate joints within the larynx.
The thyroid lobe is now almost completely free and is dissected further medially by dividing the vascular fascia binding it to the trachea and larynx. The division of Berry's ligament is completed, taking care to re-identify the recurrent laryngeal nerve. Small vessels close to the nerve at this point require careful clipping and ligation, otherwise troublesome bleeding may obscure the nerve's entry point to the larynx. Indeed safe thyroidectomy is utterly dependent upon careful haemostasis as it is only by this discipline that the recurrent nerve and parathyroid glands can be identified and preserved undamaged.
The thyroid lobe mobilization is now complete and the resection must include the isthmus and pyramidal lobe. The cut surface of the contralateral thyroid lobe is usually sutured to the trachea with Vicryl 3/0 absorbable sutures in order to obtain haemostasis.
The sand bag or pillow is removed from under the patient's interscapular area and the neck space re-examined for bleeding. A suction drain is placed deep to the strap muscles and brought out laterally leaving one or two holes exposed on the surface of the muscles in order to drain any blood which might collect superficially. It is important to ensure that the drain is not in contact with the RLN or parathyroid glands and that suction is released before the drainage tube is removed post-operatively. The midline is closed with continuous catgut, any bleeding points on the deep surface of the wound flaps are diathermized and the wound closed with subcutaneous catgut to platysma and a continuous subcuticular prolene suture.
TOTAL THYROIDECTOMY
In total thyroidectomy, usually performed for cancer but occasionally for gross multinodular disease, the opposite thyroid lobe will also be mobilized in a similar manner to that described for unilateral lobectomy with identification of recurrent laryngeal nerve, external branch of superior laryngeal nerve and both parathyroid glands. If the procedure is for cancer an appropriate lymph node clearance may also be necessary. Total or near total thyroidectomy may be indicated in some severe cases of Graves' disease, particularly if associated with marked ophthalmopathy.
SUBTOTAL THYROIDECTOMY
When subtotal thyroidectomy is performed, perhaps for Graves' disease, the principles of identification of the vital structures are exactly the same as those employed in a unilateral total lobectomy. In Graves' disease a small of the trachea and haemostasis secured by suturing the lateral edge of each remnant, without tension, to the anterior surface of the trachea with Vicryl absorbable sutures. As in unilateral lobectomy, the main trunk of the inferior thyroid artery is not ligated but individual small bleeding vessels on the surface of the remnant may require ligation. Unilateral total lobectomy and a contralateral resection leaving a large single remnant may be an acceptable alternative strategy.
RETROSTERNAL GOITRE
In retrosternal goitre, the blood supply to the thyroid derived from the superior and inferior thyroid arteries, is usually accessible in the neck. Ligation and division of the superior pole vessels is an essential preliminary step before mobilization of the gland is attempted. The retrosternal portion can then be delivered from behind the sternum by gentle traction aided by the introduction of a finger alongside the gland. Placement of traction sutures in the thyroid or the gentle introduction of a dessert spoon alongside the gland may also facilitate delivery.
RECURRENT GOITRE
Surgery for recurrent thyroid disease is particularly hazardous with respect to recurrent laryngeal nerve and parathyroid gland damage as identification of these structures is likely to be impeded by the presence of scar tissue. A lateral approach to the thyroid lobe to be resected can be gained by dissecting in the plane between the strap muscles and the anterior border of the sternomastoid where there may be fewer adhesions.
TECHNICAL STANDARDS IN THYROIDECTOMY
The highest possible technical standards in thyroidectomy depend not only upon the avoidance of complications arising from damage to vital structures, such as the laryngeal nerves and the parathyroid glands, but also upon the fundamental issues of the correct pre-operative diagnosis and the selection of the most appropriate operation for the pathology present. Reliable FNA cytology5 has proved to be an invaluable complement to clinical examination, facilitating the selection of patients with malignancy who require thyroid surgery and accurately identifying those with a benign lesion in whom surgery can be avoided. Selection of the correct surgical procedure is the next step in quality management. Informed consent must be obtained prior to any thyroid operation and the potential complications fully discussed with the patient. Unilateral thyroid lobectomy with removal of the isthmus and pyramidal lobe is the minimum procedure necessary for treatment of a solitary nodule and most cases of asymmetrical multinodular disease remnant, usually 3-4 g, of tissue is left in-situ on each side Supplement No. 33 Volume 91 1 9 9 8 with a dominant nodule. The operation of unilateral Bilateral recurrent laryngeal nerve palsy is an exceedingly rare complication of thyroidectomy and is most likely to occur in the circumstances of a difficult re-operation when one recurrent laryngeal nerve has already been permanently damaged at the first procedure.
Assessment of damage to the external branch of the ESLN is difficult as the changes may be subtle and easily overlooked. Indirect laryngoscopic changes of this nerve lesion are less obvious than those of recurrent laryngeal nerve palsy. Nevertheless, the disability may result in changes of the voice pitch, range, fatiguability and particularly the quality of the singing voice. Careful ligation of the individual branches of the superior thyroid vessels close to the thyroid as described above, with identification of the nerve whenever possible, should keep the incidence of damage to this nerve to an absolute minimum. Kark showed that the incidence of voice impairment after thyroidectomy fell from 11% to 5% when this policy was employed12.
Damage to the internal branch of the superior laryngeal nerve should be an extremely rare event. Cervical sympathetic trunk injury causing Homer's syndrome is also a very rare complication of thyroidectomy.
Permanent hypoparathyroidism can be avoided by careful identification of the parathyroid glands and preservation of their delicate arterial blood supply. Hypoparathyroidism should not be a complication of unilateral thyroid lobectomy for solitary nodule, there being two other parathyroid glands totally undisturbed on the contralateral side.
In bilateral subtotal resection for Graves' disease, the incidence of this disorder should certainly be no more than 0.5%. In a series of 92 consecutive cases undergoing surgery for Graves' disease at the University Hospital of Wales in Cardiff, there were no cases of permanent recurrent laryngeal nerve damage or hypoparathyroidism.
One might expect hypoparathyroidism to be a more frequent complication after total thyroidectomy for cancer but several authors have shown that even in these circumstances the incidence of the complication should be within the range of 1o/o-3%13,14.
The most serious and life threatening complication of thyroidectomy is post-operative airway obstruction due to laryngeal or subglottic oedema. This classically occurs when there is post-operative bleeding with an associated wound haematoma. However, it is important to appreciate that the complication can occur without haematoma. Fortunately, this is an extremely rare complication, the incidence of which can be minimized by meticulous attention to haemostasis and avoidance of unnecessary manipulation of the larynx during surgery.
Thyroid crisis or storm is now rarely seen after surgery for Graves' disease because adequate pre-operative subtotal lobectomy should no longer be performed because of the fundamental disadvantage of leaving a posterior remnant which may subsequently require a second and more hazardous procedure for its removal with all the attendant risks of damage to the recurrent laryngeal nerve and parathyroid glands. It is not appropriate in this article to address in detail the issue of which is the correct surgical procedure for differentiated thyroid cancer. Although this remains controversial, there is considerable support for performing total thyroidectomy for many of these tumours in order adequately to treat multifocal disease, reduce the incidence of local disease recurrence and facilitate the use of radioactive iodine therapy6 7.
The most important complications of thyroidectomy are: * Recurrent laryngeal nerve injury * External branch of superior laryngeal nerve injury * Hypoparathyroidism * Laryngeal oedema-airway obstruction * Bleeding haematoma * Hypothyroidism * Hyperthyroidism * Wound infection * Keloid scar * Suture granuloma.
Those complications relating to damage to vital structures can be kept to a minimum by operating in a bloodless field and performing a meticulous anatomical dissection. As stressed in the operative section, identification of the recurrent laryngeal nerve throughout its course is quite fundamental if damage is to be avoided. It has not always been accepted that identification of the recurrent nerve is either necessary or desirable. However Lahey8, Wade9 and others10 showed that its clear identification and dissection could reduce the incidence of permanent damage to less than 0. 3%. Indeed Wade9 found no cases of permanent RLN damage in a consecutive series of 100 thyroidectomies each subjected to full identification and dissection of the nerve. When this policy is employed, any nerve damage is likely to be a transient palsy and recovery will follow. Applying these principles of nerve identification, others have shown that even when performing an aggressive total thyroidectomy procedure for cancer, the recurrent laryngeal nerve palsy rate is extremely low. Clark had no permanent recurrent laryngeal nerve damage in 82 consecutive total thyroidectomies1 1. Similar excellent results were reported by Thompson in an analysis of 207 patients with thyroid cancer treated by total thyroidectomy between 1985 and 1992 at Ann Arbor7. Needless to say, pre-and post-operative assessment of vocal cord function should be performed by an otorhinolaryngologist, this policy also having important medico-legal implications. 15 preparation is always employed to render the patient euthyroid. Hypothyroidism should not occur after unilateral lobectomy, but after surgery for Graves' disease the incidence may be as high as 50%. This is perhaps not truly a complication but an inevitable feature of the adequate treatment of the hyperthyroidism and easily managed by the administration of thyroxine.
Recurrent hyperthyroidism after subtotal surgery for Graves' disease is a serious sequel representing a complete failure of the operation. Its incidence is approximately 5% and will vary depending to some extent on the size of the thyroid remnants. It is also influenced by the complex immunological processes taking place in primary hyperthyroidism and may also be related to iodine intake.
Wound complications, particularly those of suture granuloma, can be minimized by the use of absorbable suture material. In a retrospective study it was shown that when silk was routinely used for all ligatures and sutures, granulomas occurred in 8% of 526 thyroidectomy procedures. No further granulomas were seen after discarding silk and using synthetic absorbable materials15. CONCLUSION Thyroidectomy, particularly for solitary thyroid nodular disease, is a routine and safe surgical procedure. It should be associated with extremely low morbidity and negligible mortality when performed by an endocrine surgeon familiar with the details and nuances of the surgical techniques required to avoid damage to vital structures adjacent to the thyroid.
